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1 Introduction
At the RAN1 #90 meeting, the 1-symbol PUCCH for more than 2bits UCI payload was discussed. The following agreements were made [1]:
Agreements:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:

· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence
Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB
· FFS: Shifted mapping
In this contribution, we discuss the remaining aspects for the design of the 1-symbol PUCCH format for more than 2bits UCI.
2 Discussion
DMRS sequence and pattern
Two options can be considered for the DMRS sequence. If CGS/ZC sequences are considered, new CGS sequences for different lengths need to be designed since the DMRS overhead per PRB is 1/3. For example, for resource allocations of 1 – 4 PRBs, sequence lengths of [8 16 24 32] respectively, need to be designed. On the other hand it should be noted that short PUCCH with FDM of DMRS and UCI targets scenarios where CM/PAPR is not expected to be a limiting factor. Therefore, PN sequences as considered for NR PUSCH using CP-OFDM should be supported for the more than 2 UCI bits short PUCCH format.

Proposal 1: The PN sequence used for PUSCH DMRS should be supported for short PUCCH with more than 2 bits UCI.

Since it is agreed that 4 REs are evenly distributed within a PRB, there are 3 possible positions for DMRS pattern as shown in figure 1. A remaining issue is whether to support a frequency shift between the three positions. This would be somewhat similar to CRS in LTE downlink, where the frequency shift provides some interference coordination for neighboring cells. However, unlike LTE CRS, which is always transmitted across the system bandwidth, there is not always a same PUCCH format transmitted in the same resource at neighbor cells. Therefore, the benefit of a frequency shift for short PUCCH DMRS is not obvious versus the additional specification and implementation effort. Actually the DMRS still suffers from the interference of neighboring cell data signal even if the DMRS is shifted. Besides, a fixed mapping could be simply configured for the interference management between neighbor cells  due to stable interference expectation.
Proposal 2: DMRS shifted mapping for 1-symbol PUCCH is not supported.
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Figure 1: Possible DMRS positions
The non-contiguous PRB allocation
The distributed PRB mapping could obtain the gain from channel frequency diversity. But there is an issue that distributed mapping results in inter-modulation distortion (IMD) which will impact SEM requirements, and this will require larger MPR. In LTE, the MPR is defined in TS 36.101 sub-clause 6.2.3 [2] as following:

For UE Power Class 1 and 3 transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM

MA =   8.00-10.12A              ; 0.00< A ≤ 0.33

5.67 - 3.07A                   ; 0.33< A ≤0.77

3.31                                  ; 0.77< A ≤1.00

Where MA is defined as follows for 256 QAM

MA = 8.00-10.12A          ; 0.00< A ≤ 0.25

     5.50                            ; 0.25< A < 1.00

Where

      A = NRB_alloc / NRB.

          CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR 
[image: image2.wmf]Î

 [3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0]

For example, assume there are 2 allocated PRBs, the BW is 20MHz and these two PRBs are mapped to  band edges to get up to 3dB diversity gain. For calculation of MPR, the A =2/100 = 0.02, MA = 8.00 – 10.12A = 7.7976. The allowed MPR will be CEIL {7.7976, 0.5} = 8dB. In this case the diversity gain cannot offset the loss of larger power reduction. From the above formulas, when allocating more PRBs and the distance between allocated PRBs is smaller, the MPR will be reduced (at least 3dB for QPSK). Therefore, the impact of MPR should be considered when deciding whether to use non-contiguous PRB allocation.
Proposal 3: The impact of MPR should be considered when deciding whether to use non-contiguous PRB allocation.
3 Conclusions
Based on the analysis we have the following proposals:
Proposal 1: The PN sequence used for PUSCH DMRS should be supported for short PUCCH with more than 2bits UCI.

Proposal 2: DMRS shifted mapping for 1-symbol PUCCH is not supported.
Proposal 3: The impact of MPR should be considered when deciding whether to use non-contiguous PRB allocation.
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